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ABSTRACT 

Immunization of primates or humans with human immunodeficiency virus type 1 (HIV-1) glycoproteins usually 
elicited moderate immune responses to the principal neutralizing determinant (PND) located within the V3 
hypervariable loop of gpl20. Since an antibody response to the PND appears to be protective, experiments were 
carried out to determine the responsiveness of chimpanzees to immunization with synthetic pepUdes corre- 
sponding to the full-length V3 loop. Seven chimpanzees (4 preimmunized with gpl60, 2 preimmunized with 
..HFV-l antigens unrelated to gpl60, and 1 unimmunized) were vaccinated with a mixture of full-length V3 loop 
peptides from 21 distinct HIV-1 isolates (clones) either in unconjugated form or linked to carrier proteins from 
HIV-1 nefznd^ag P18, respectively. Six chimpanzees developed high levels of antibodies to the peptides 
(dilution ehdpoints 1:> 25,000), and 5 had high levels of antibodies to gpl20 from HlV.lujg (endpoint titers 1:> 
500,000). Chimpanzees immunized with peptlde-carrier conjugates (4) had antibodies to the carrier proteins nef 
and gag P18-, respectively (endpoint titers 1 :^ 35,000). Virus-neutralizing (VN) antibodies were detected in sera 
of 5 of 7 chimpanzees, but were present at titers of 1:3= 400 only in sera of 2 chimpanzees. One of these was 
challenged with HTV-l and was protected against infection, as reported elsewhere. The antibodies were 
primarily specific for the HIV-l isolate used for primary immunization before boosting with peptides. The 
relatively low dilution endpoints of VN antibodies as compared with endpoints determined by site-specific 
immunoassays probably can be ascribed to imperfect mimicry of conformational epitopes by synthetic peptides. 
Nevertheless, sequential or simultaneous immunization with recombinant envelope glycoproteins of HIV-1 and 
selected synthetic peptides offers an approach for eliciting protective immunity against HIV-1. 



INTRODUCTION 

VIRUS-NEUTRALIZING ANTIBODIES expected to bc protective 
against the human immunodeficiency vims type 1 fHlV-I) 
are primarily directed against epitopes on the hypervariable loop 
from the V3 region of the HIV- 1 envelope glycoprotein 
gpi20.'~*^ Virus-neutralizing antibodies recognize predomi- 
nantly the central ponion of the V3 loop. Because of structural 
constraints on the variability of this segment of the V3 loop, it 
was suggested that peptide immunogens corresponding to con- 
tiguous sequences of the principal neutralizing determinant 
f PND) would induce antibodies neutralizing a majority of HIV- 1 



isolates.'*"'* The combination of several peptides fropi the V3 
loop of distinct HIV- 1 isolates is also expected to result in 
production of virus-neutralizing antibodies with broad speci- 
Hcity,''-'* 

Antibodies specific for the V3 loop were virus neutralizing 
not only in in vitro assays but they also abrogated the infectiviiy 
of HIV-1 for chimpanzees." This suggested that immunogens 
eliciting antibodies to the V3 loop may also confer protection 
against HIV-l infection. Recent cxpcrimcntaJ findings confirm 
this expectation. -° -' Earlier studies indicated that chimpanzees 
immunized with gpl20 purified by immunoaffinity chromatog- 
raphy from HlV-I-infected cells developed antibodies dcteci- 
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of goat antibodies raised by immunization with HIV-l gpl20 
BHIO and SF2, respectively, on the reaction of rabbit antibodies 
10 the respective V3 hypervariable loop peptides with wells 
coated with either homologous gpI20 glycoprotcinFor with the 
corresponding V3 peptides was studied. Dilutions of the respec- 
tive goat and anti-gp 1 20 antisera in TS-BG were incubated with 
the wells for 30 min at 20''C. Subsequently, rabbit antisera to 
synthetic peptides corresponding to the V3 loops of HIV-l 
BHIO and SF2, respectively, were added to a fmal dilution of 
1:1.000. After incubation overnight at 25''C, the wells were 
washed with TS and the quantity of attached rabbit IgG was 
determined from the subsequent attachment of '-^Mabeled 
second antibodies as described before.' 

To determine whether or not segments of the gpl20 sequence 
nonadjacent within the primary amino acid sequence to the V3 
hypervariable loop may occur in the proximity of the V3 
hypervariable loop due to folding within the three-dimensional 
structure of the HIV- 1 envelope, the inhibitory effect of MAb 
(NEA-9305; Du Pont) (final dilution 1:500) and of goat antisc- 
mm ami-SPlO (final dilution 1:20), both specific for the V3 
hypervariable loop, on the attachment of rabbit antisera to 
peptides from the entire gp 160 sequence' was studied using 
wells coated with recombinant gpl60 (500 ng/ml; MicroGene- 
Sys, Inc., West Haven, CT). The wells were incubated with the 
MAb and the goat antiserum, respectively, for 30 min at 20X. 
Subsequently, dilutions of rabbit antipcptide antisera were 
added to the wells. All antisera were diluted in 1 % fetal bovine 
scrum, 1% goat s6ruifn" pH 8. After incubation overnight at 
20*'C, the attachment of rabbit IgG to the wells was determined 
from the subsequent adsorption of *"l-labcied antirabbit IgG as 
described above. In addition to the antipeptide antisera de- 
scribed before,' two additional antisera to the peptide (1 1-3-142) ' 
from HIV-l BHiO gpl20 (sequence in one- letter code: E-D-I-I- 
S-L-W-D-Q-S-L-K-P-C-V-K-L-T-P-L-C-V-S-L-K-C-T-D- 
L-K) were tested. The peptide was synthesized in two forms: the 
cysteine (Q residue at position 1 26 (( 1 1 3- 1 42)^^,, , , and the C 
at position 133 [(1 1 3- 142)^(^133], were replaced by aminobu- 
ryric acid (Aba) residues. These peptides were recognized by 
both human and rabbit anti-HIV-1 antibodies and elicited in 
rabbits high levels of antibodies recognizing recombinant gpl60 
(gp 1 20) (endpoint titers 1:100,000 to 1:400,000) (own unpub- 
lished data). 

To study the effect of disulfide bond formation between N- 
and C-terminai cysteine residues within the V3 hypervariable 
loop peptide from HIV- 1 BHIO on its antigenicity, the peptide 
was reduced with 1% 2-mercaptoethanol for 1 h at 20''C 
followed by treatment wiih iodoacetamide (final concentration 
30 mg/ml) for I hat 20*'C, followed by dialysis against PBS. The 
andgenicity of the original and the reduccd-alkylated peptides 
were compared. Wells of polystyrene plates were coated with 
MAb NEA9305 raised against the synthetic peptide R-l-Q-R-G- 
P-G-R-A-F-V-T-l-G-K corresponding to residues (315-329) of 
the V3 loop of HIV-l BHIO. or with MAb NEA9284. Horse- 
radish peroxidase-labeled HIV-I gpl20 IIIB (final dilution 
1:1,000 in 1% BSA in TS; American Bio-Technologies, Inc.) 
was added to the wells which were subsequently incubated for 2 
h at 20"C in the absence (= positive control) or the presence of 
graded quantities of untreated and reduced-alkylated V3 pep- 
tide, respectively. The attachment of enzyme-labeled gp 1 20 was 
determined by measurcm'ent of peroxidase activity as described 



above for ELISA tests. The inhibitory effect of the peptides was 
calculated from the formula: 



OD450 in absence of 
peptides — OD450 in 
% Inhibition = the presence of peptides 
OD430 in the absence 
of peptides 



X 100, 



where OD450 = optical density at 450 nm. AH values were 
corrected for the attachment of enzyme-labeled gp 1 20 to control 
wells coaled with BSA and gelatin. 



Virus neutralization assays 

Chimpanzee sera obtained before and after immunization 
with V3 loop peptides were tested. The titer of virus-neutralizing 
antibodies was determined by two distinct methods, based on the 
inhibition of synthesis of the core protein P24 and on protection 
by antibodies of cells against the cytopathic effect of HIV-l 
(colorimetric method), respectively. 

Briefly, the antisera were filtered through 0.2 pim Centrex 
cellulose acetate microfilters (Schleicher & Schuell, ' Inc., 
Keene, NH) and serially diluted in RPMI-I640 medium without 
phenol red (GIBCO, Grand Island, NY)"containing J0% fetal 
calf serum (PCS). Aliquots of the filtered samples were added to 
wells .of 96 well plates and mixed with an equal volume of 
diluted HIV-li„B. Rf^» and MN, respectively [multiplicity of 
infection (MCI) = 0.0045]. After incubation for 1 h at 37'C, 25 
M-i of polybrene (I p-g/ml) treated MT-2 cells (5000 cells/well) 
were added.. The mixture was incubated for I h at 37'*C and the 
volume was adjusted with RPMI-I640 medium with 10% PCS 
to 200 M-l, On the founh and sixth day after incubation at 37*C, 
100 fil of culture supematants were collected from each well and 
equal volumes of fresh medium were added to the wells. The 
supematants were assayed for P24 using a kit from Coulter 
Immunology (Hialeah, Fl). On the sixth day, an indicator XTT 
tetrazolium dye (I mg/ml; 50 p.l/well; PoIySciences, Inc., 
Warrington, PA) was added to the cells. After 4 h» intracellular 
fonriazan was determined colorimetrically at 450 nm. 



RESULTS 

Antibody responses of chimpanzees immunized with V3 
hypervariable loop peptides from 21 distinct HIV 
isolates (clones) 

Seven chimpanzees were immunized either with a mixture of 
unconjugated V3 loop peptides from 21 distinct HIV-l isolates 
(clones) (chimpanzees #499, #151, #395: Fig. 1), with the 
same peptides covalently linked to recombinant nef protein 
(chimpanzees #529. #493. and #495). or sequentially with 
unconjugated peptides followed by peptides linked to recombi- 
nant ga^ P18 (chimpanzee #531). All chimpanzees except 
#53 1 were preimmunized with different HIV-l antigens before 
receiving the peptide immunogens. Chimpanzee #499 was 
preinrununized with recombinant gpl60 and gag PI 8 using 
formulations of these immunogens described before.** Chim- 
panzees #151, #395, and #493 were preimmunized with a 




- T2 




495 














0 60 120 180 240 300 360 420 

DAYS AFTER IMMUNIZATION 
WITH V3-L00P PEPTIDES 

FIG. 1. Antibody responses of chimpanzees immunized with 
preparations of V3 hypervariable loop peptides from 21 distinct 
HIV-I isolates (clones). Chimpanzees 499, 151. and 395 were 
immunized with a mixture of unconjugated peptides. Chimpan- 
zee 395 was injected after two doses of 21 distinct V3 loop 
peptides with recombinant gpl60^' and gag PI 8"' and with 100 
M-g each of unconjugated V3 loop peptides from HIV-I BRU. 
RF, MN. SF2. and ELI (dashed aaows). Chimpanzee 151 was 
boosted with 125-150 fjLg of gp 1 60^' on days 168. 186, and 326 
( t). after completion of the immunization schedule with V3 
peptides. Chimpanzee 531 was immunized with free peptides 
followed by peptides linked to the nucleocapsid protein gag PI 8. 
Chimpanzees 529, 493. and 495 were immunized with peptides 
linked to recombinant nef protein. Chimpanzee 493 received 
together with the last dose of /7e/-peptidc conjugates on day 181 
also gpl60.-' Chimpanzee 529 received with each dose of 
n</*-pcptide conjugates also gpI60.-' All chimpanzees were 
immunized with peptides or peptide -carrier conjugates at day 0 
followed by boosts with free peptides (indicated by arrows) or by 
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peptide carrier conjugates (indicated by arrowheads). Antibody 
responses to the synthetic peptides ( m ) were measured at several 
time intervals during immunization. Responses to recombinant 
gp 1 20 (■) were measured at selected times at which the antipep- 
tide antibody response peaked. Antibody responses (o carrier 
proteins PIS (0 } and nefiO) were measured at the same time. 



recombinant vaccinia virus V V- 1 1 39 . that expresses a noncleav- 
able version of gpl60 BRU.-' Chimpanzees #495 and #529 
were prevaccinated only with antigens unrelated to gp 160: gag 
PI 8 and vif in the form of vaccinia vims recombinants. 
Chimpanzee #151 also received the latter two antigens as well 
as nef. 

Prior to immunization with synthetic peptide immunogens. 
none of these chimpanzees had detectable IgG antibodies to the 
V3 hypervariable loop of gpl60-IIIB. closely related to the 
subtype of HIV-1 (LAV) used for preimmunization. All chim- 
panzees except #531 developed detectable IgG antibody re- 
sponses to V3 hypervariable loop peptides only after the second 
injection of the peptide immunogens (Fig. 1). Subsequent boosts 
led to increased antibody levels to the loop peptides, with the 
exception of chimpanzee #495, a poor responder to the syn- 
thetic peptide components of the nef protein-peptide conjugate, 
although relatively high levels of anti-/i^/ antibodies y/ere 
detected in serum of this chimpanzee. The highest levels, of 
anti-V3' loop peptide antibodies (endpoini titers 1;> 10*^) were 
detected in sera of chimpanzees #499 and #529. The latter two 
chimpanzees were either preimmunized with gpl60 (#499) or 
simultaneously vaccinated with gpl60 and V3 loop peptides 
.Jinked to /t</*(#529). Repeated boosting of chimpanzee #151 
with gpl60 after completion of the course of immunization did 
not result in increased antibody titers as measured by ELISA 
using either wells coated with a mixture of 21 distinct V3 
peptides (Fig. 1) or wells coated with peptides from HIV-I 
BH 10, 2-3 and MAL. respectively (data not shown). Similarly, 
boosting of chimpanzee #395 with gpl60 + gag P18 and with 
selected V3 peptides did not enhance the anubody response to 
the V3 Ipop. Cumulatively, these results suggest that either 
preinmaunization with gpl60 (gpl20) or simultaneous adminis- 
tration of this recombinant protein(s) with V3 peptides elicits the 
highest antibody response to the principal neutralizing determi- 
nant. This conclusion is also confirmed by results of virus 
neutralization assays. 

Serum specimens with the highest levels of antipeptide 
antibodies were also assayed for antibodies recognizing recom- 
binant gpl20 and, if applicable, the carrier protein used. The 
highest levels of anti-gpl20 antibodies (endpoint titer 1:> 
5 X 10^) were detected in sera of chimpanzees #499. #151, 
#395, and #529. Slightly lower levels of anti-gpI20 antibodies 
were detected in serum of chimpanzee #493 (endpoint titer 
1 :2.5 X 10^). Thus, 5 out of 7 chimpanzees had high antibody 
responses to gpl20 elicited either by unconjugated synthetic 
fjeptides or by peptides covalently linked to the carrier protein 
nef Chimpanzee #53 1 . immunized with unconjugated peptides 
followed by immunization with peptides linked to gag PIS. 
developed relatively high levels of antibodies to the homologous 
peptides yet had low serum antibody levels against gpI20. 
Chimpanzees #531 and #495 having the lowest antibody 
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responses to gpl20 were, unlike all the other chimpanzees, not 
exposed to any immunogens containing gpl60. 

Earlier studies indicated that immunization of rabbits with a 
mixture of V3 loop peptides from 21 distincTHIV:t isolates 
(clones) in either unconjugated form'^ or in the form of conju- 
gates with recombinant nef and gag PIS proteins, respective- 
ly,'^ led to the production of antibodies recognizing each of the 
peptide components of the complex mixtures (endpoint titers: 
l:> 10**). To determine whether or not immunization of chim- 
panzees with immunogens containing 2 1 distinct peptides led to 
antibody responses to each of the peptides, one of the serum 
specimens from chimpanzee #499 was tested for antibodies to 
each of the 21 peptides which were present in the immunogen 
used. Results presented in Figure 2 indicate that antibodies to 
each peptide were present in the semm sample collected 186 
days after the first immunization with unconjugated peptides. 
The endpoint titers of antibodies recognizing the individual 
peptides were 1:> iC. except those directed against V3 loop 
peptides from WMJ-2, LAV-MA. JY-I. 2-6, and ELI isolates 
(clones) of HIV-1 . which ail have a low immunological cross- 
reactivity with the IIIB V3 loop peptide.'^ Thus, the antibody 
response appeared primarily directed against the IIIB peptide, 
related to the protein antigen used for primary immunization, 
and to other V3 loops more cross-reactive*'' with this peptide. 

Serum samples of all chimpanzees except #495 having low 
levels of anti-gpl20 antibodies, were tested for antibodies 
neutralizing the IIIB strain of HIV-l, These tests were carried 
put with serum' specimens collected at day O'before immuniza- 
don with the V3 hypervariable loop peptides, at the time 
corresponding to peak anti-V3 antibody levels after immuniza- 
tion with these peptides, and after additional boosting with 
recombinant gpl60 (if applicable). The results of the tests are 
summarized ip Figure 3. Sera from chimpanzees #151 and 
#529 prcimmunized with recombinant vaccinia viruses express- 
ing gpl60 and antigens other than gpI60, respectively, did not 
contain any detectable virus- neutralizing antibodies (VNAb). 
On the other hand, chimpanzees #395 , #493. and #499, which 
were preimmunized with recombinant gpi60. showed VNAb, 
the highest level of which was detected in serum of chimpanzee 
#499. After completion of the immunization schedule with 21 
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151 395 493 499 529 . 531 

Chimpanzee Number 

FIG. 3. Determination of virus-neutralizing antibodies 
(VNAb) in sera of chimpanzees immunized with preparations of 
V.3 loop peptides from distinct HIV-1 isolates. VNAb were 
determined by inhibition of gag p24 synthesis (A) and by 
inhibition of HIV-1 cytopathic effects (B). VNAb were mea- 
sured in serum specimens collected at day 0 before immuniza- 
tion with 21 distinct V3 hypervariable loop peptides (O), at the 
time of peak anti-V3 antibody levels after immunization with 
these peptides (■; numbers on top of the columns indicate days 
after the first immunization with V3 loop peptides) and after 
boosting with different preparations containing recombinant 
gpl60 following completion of the immunization schedule with 
the 21 distinct V3 loop peptides (23). For further details see 
HQ. I. 
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FIG. 2. Immune response to V3 hypervariable loop peptides 
from 21 distinct HIV- 1 isolates of chimpanzee 499 immunized 
with a mixture of all '21 peptides simultaneously. 



hypervariable loop peptides, the level of VNAb increased in sera 
of all chimpanzees except #531 , an animal which had not been 
preimmunized at all. These results suggest that VNAb were 
elicited by the peptides only in chimpanzees primed with gpl60 
either in the form of live recombinant vaccinia virus or of 
recombinant gpI60. VNAb were present in sera of chimpanzees 
#395. #493, and #499 at a time when antibodies to the V3 
hypervariable loop were not detectable by serological tests (see 
Fig. I). Therefore, VNAb present in sera of these chimpanzees 
after completion of the immunization schedule with V3 peptides 
were expected to be directed against distinct epitopes on gp 160. 
To explore this possibility, the serum of a selected chimpanzee 
(#499) collected 56 days after the first immunization with V3 
hypervariable loop peptides was submitted to affinity chroma- 
tography on the V3-niB peptide linked to Sepharose. The 
unadsorbed fraction, which did not contain detectable antibodies 
to the V3-IIIB loop, and antibodies eluted from the column by 4 
M MgCU, containing all of the original anti-V3 loop antibodies, 
were assayed for VNAb. VNAb were recovered in both the 




column effluent (33%) and in eiuate (67%). This is in agreement 
with the expectation that VN antibodies with distinct specifici- 
-ties were present in sera of the immunized chimpanzees, and that 
immunization with V3 loop peptides elicited V3-speci^^ft-V^Mb 
which were present at low or undetectable levels before immu- 
nization with the V3 loop peptides. After immunization with V3 
peptides, the highest levels of VNAb were detected in sera of 
chimpanzees #499 and #529. These chimpanzees were either 
preimmunized with recombinant gpl60 (#499) or simulta- 
neously immunized with both V3 loop peptides (linked to nef) 
and gpl60 (#529). Attempts to boost VNAb responses in 
chimpanzees #159. #395, and #493 by additional immuniza- 
tions with gpI60 after completion of the immunization schedule 
with V3 peptides led to a slight increase of the VNAb titer 
(^ 2-fold). Chimpanzee #499 having the highest level of serum 
VNAb was protected against challenge with HIV-!-IIlB,^* 
Cumulatively, these results suggest that only chimpanzees 
immunized with both gpl60 and V3 hypervariable loop pep- 
tides, either consecutively or simultaneously, develop relatively 
high levels of VNAb specific for the V3 hypervariable loop. 

The virus-neutralizing activities of serum from chimpanzee 
#499 against two additional HIV-i isolates available in our 
laboratory, RFand MN, were also tested. The virus-neutralizing 
activity against the RF isolate was lower than that observed for 
the IIIB isolate and was borderline for the MN isolate (Fig. 4). 
Thus the virus-neutralizing activity against the RF isolate, which 
is less divergent from the IIIB isolate in the sequence of the V3 
hypervariable loop in comparison with the MN isoFate,'^ was 
higher than that against the MN isolate, although the endpoint 
titer of antibodies determined in serological tests was higher for 
the MN than for the RF'V3 loop (Fig. 2). Therefore, the 
vims-neutralizing activity of antisera cannot be predicted frem 
results of immunoassays measuring antibodies to V3 loop 
peptides. In this respect, it should be mentioned that sera 
collected from chimpanzee #499 just before immunization with 
the peptides contained low levels of antibodies neutralizing the 
infeciivity of the RF isolate (endpoint titer - 1 :70). 

Evidence suggesting that virus-neutralizing antibodies 
are directed against a preferred conformation of the 
V3 loop of HIV- 1 gpIZO 

Comparison of results presented in Figures I and 3 indicate a 
10**-lCP-fold difference in magnitude of antibody titers deter- 
mined by serological methods and by virus neutralization as- 
says. This suggests the possibility that: (I) virus-neutralizing 
antibodies may represent only a subpopulation of antibodies 
recognizing epitopes on the V3 hypervariable Ioopofgpl20. (2) 
epitopes on synthetic peptides corresponding to full-length V3 
loops only paniaJly mimic the corresponding loops in the native 
gpl20 sequence, and (3) the conformation of the V3 loop within 
the envelope of HIV- 1 may be affected by sequences which are 
adjacent to the V3 loop due to protein folding within the teniary 
structure of gpl 20 but are not adjacent to this loop in the primary 
sequence of the glycoprotein. Experiments were carried out to 
investigate these possibilities. 

The role of disulfide bonds between N- and C-terminai 
cysteine residues (303 and 338) of the full-length synthetic V3 
loop peptide in antigenic mimicry of the corresponding loop in 
the gpl20 glycoprotein Nvas- investigated. The oxidized V3 
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ISOCATES OF HiV-1 

FIG. 4. Virus-neutralizing activity against distinct HIV-l 
isolates of serum from chimpanzee #499 collected 186 days 
after primary immunization with unconjugated peptides corre- 
sponding to V3 loops of 21 distinct HIV- 1 isolates (clones). 
Neutralizing antibodies were measured by inhibition of HIV-1 
P24 antigen synthesis (o) or by inhibition of the cytopathic 
effects HIV- 1 ( B ). For funher explanation, see Ftg. 1 . 



peptide lacking free cysteine residues^^ and the reduced and 
alkylated V3 peptide were tested as inhibitors of the reaction 
between peroxidase -labeled gpl 20 and monoclonal antibodies 
specific for the V3 loop. Results presented in Figure 5 show that 
reduction-alkylation decreased the inhibitory activity of the 
peptide -*I9- and 350-fold, respectively, for the rcacuoh of 
gpl 20 with MAb 9305 and MAb 9284. This suggests that a 
synthetic V3 loop pepddc resembles the corresponding loop in 
gpl 20 more than the "linear version" of the same peptide. 
■ -To be optimally effecdve against HIV- 1 infection, immuni- 
zation with synthetic V3 loop peptides should result in antibod- 
ies binding nearly equally well to V3 loops in the form of 
peptides or as domains in the gpl 20 structure. Antibodies 
elicited by the peptides should not contain predominant popula- 
tions of immunoglobulins recognizing the peptides preferen- 
tially over the V3 loops of HIV- 1 . To determine whether or not 
rabbit anti-V3 peptide antibodies have such properties, the 
inhibitory effect of goat antibodies to gpl 20 on the reaction of 
anti-V3 antibodies with homologous peptides and with gpl 20, 
respectively, from two selected HIV-l sequences, BHIO and 
SF2. was studied. Results presented in Figure 6 show that 
anti-gpl20 antibodies efficiently inhibited the reacdon of the 
aniipeptide antibodies with gpl 20 but were rather inefficient in 
inhibiting the attachment of antipcpdde antibodies to the homol- 
ogous p-.ptide antigens. This suggests that the binding constant 
for the reaction between rabbit antipepude antibodies and 
homologous peptides was higher than that corresponding to the 
reaction between antipeptide antibodies and gpl 20. Alterna- 
tively, only a subpopulation of antibodies, elicited in rabbits by 
the peptide, recognized gpl 20, while the predominant antibody 
population was specific for the peptide only. The latter explana- 
tion is unlikely since the dilution endpoints of antibodies in sera 
"of rabbits immunized with the V3 loop peptides were of similar 
orders of magnitude when measured by solid-phase immunoas- 
says using either peptide- or gpl20-coated wells.' Results with 
chimpanzee antisera (Fig. 1) support this conclusion. 

The discovery of neutralization escape mutants having V3 
loop sequences identical to HIV-1 isolates which can be neutral- • 
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PEPTIDE CONCENTRATION 

FIG. 5. Inhibitory effect of the V3 hypervariable loop peptide 
from gpl20 of HIV-I clone BHIO and the same peptide after 
reduction and aJkyiation (RA) on the attachment of horseradish 
peroxidasc-labeted-gpi20 IIIB to monoclond antibodies di- 
rected against the synthetic peptide RIQRGPGRAP/TIGK, 
corresponding to residues 3 1 5-329 of the V3 hypervariable loop 
of HIV-I clone BHIO (MAb 9305). and against the V3 hyper- 
variable loop (raised by immunization with gpI20 IIIB) (MAb 
9284) each immobilized on wells of 96 well polystyren'e plafes. " 
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DILUTION OF GOAT ANTI- gpl20 

- FIG. 6. Inhibitory effect of goat antibodies raised by immu- 
nization with gpl20 of HIV-I , BHIO, and SF2, respectively, on 
the reaction between rabbit antibodies, directed against BHIO 
and SF2 peptides from the V3 hypervariable loop of these HIV- 1 
isolates (clones), with wells coated with gpl20 BHIO (•) and 
gp 1 20 SF2 glycoproteins (■). respectively, and the correspond- 
ing V3 loop peptides (O.D). 



ized indicates that amino acid replacements outside this loop 
may affect the recognition by antibodies of epitopes comprising 
the V3 loop."-^ These results suggest that vims-neutralizing 
antibodies may be directed against conformation-dependent 
epitopes, only a portion of which correspond to sequences 
within the region (303038) of gpI20 IIIB. The following 
strategy for establishing the proximity to the V3 loop within the 
three-dimensional structure of gpl20 of amino acid residues 
non adjacent in the primary amino acid sequence was developed. 
The inhibitory effect of antisera specific for the V3 hypervari- 
able loop (from species other than rabbits) on the reaction of 
distinct rabbit andpcpiide sera (directed to segments of gpl60) 
with gp 160 was studied. It was expected that antibodies specific 
for the V3 loop would inhibit the attachment to gpl60 of rabbit 
antibodies directed to those segments of gp 1 60 which are 
adjacent to the V3 loop in the teniary structure of the glycopro- 
tein. MAb NEA9305. specific for a ponion of the V3 loop, 
inhibited the attachment to gpl60 of only 3 of 33 distinct 
antibodies to peptides from the sequence of gp 160. These three 
antibodies were: anti-(303-338) and anii-(3(}6-338), directed 
against the V3 hypervariable loop and anti-(l I3-142)^t,„33 
(Fig. 7). Goat antibodies to a synthetic peptide SPIO [ = 
(303-328)1 from the V3 hypervariable loop also selectively 
inhibited the attachment to gp 1 60 of rabbit antisera against the 



V3 hypervariable loop (anti-(303-338) and anti-(306-338)) and 
against (1 13-142)^(^,33 (Fig. 8). Since antibodies to the over- 
lapping peptides (102-126) and (138-164). respecuvely. at- 
tached to gp J 60 to the same extent in the presence and absence of 
MAb NEA9305 (data not shown), residues within the sequence 
127-137 are probably in the proximity of the V3 hypervariable 
loop. Since MAb NEA9305 did not inhibit the atuchmcnt of 
anti-(l 13-142)^^.126 gpI60. cysteine at position 126, but not 
at position 1 33 , probably is important for this epitope and cannot 
be replaced by aminobutyric acid. These results agree with the 
observation that point mutations at position 135 affect the 
neutralizability of HIV-I by antibodies.^' 

Epitope mapping of antibodies from chimpanzees 
immunized with V3 hypervariable loop peptides 

The chimpanzees in this study, except #531 and #495. were 
also immunized with antigens containing the gpl20 sequence, 
cither in the form of recombinant gp 1 60 or of a vaccinia virus 
recombinant expressing gpl60. Boosting with the synthetic 
peptides may have expanded a population of B ceils resulting in 
the production of antibodies qualitatively distinct from those 
which would be produced by immunization with V3-loop 
peptides only. To investigate this possibility, antisera from 
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FIG. 9 Results of epitope mapping of antibodies in serum 
from chimpanzee #499 after completion of the immunization 
schedule with V3 hypervariable loop peptides. Peptide (113- 
142) was in two forms: A, with cysteine (Cys) at position 133 
replaced by aminobutyric acid (Aba), and B with Cys at 
position 126 replaced by Aba. 



also had the highest levels of virus neutralizing antibodies 
(Fig. 3). These results indicate that only chimpanzees #499 and 
#529 developed high levels of high-affmity antibodies recog- 
nizing the V3 loop of native gpl20. 



DISCUSSION 

It was reponed that immunization with recombinant gpl 20 or 
gp 1 60 elicited in humans and primates low levels of antibodies 
detectable by serological techniques while virus neutralizing 
antibodies were usually undetectable.^'" Chimpanzees immu- 
nized with recombinant gpl 20 but not with gpl 60 developed 
antibodies reacting with the principal neutralizing determinant 
(PND) (maximum dilution endpoint 1 : IJ 00) and virus-neutral- 
izing antibodies (titer* rj 20 to 1:640).-*^ The chimpanzees 
immunized with recombinant gpl 20 were also protected against 
HIV- 1 challenge virus. Results presented here indicate that 
chimpanzees preimmunized with preparations containing gpl 60 
developed high levels of antibodies to the PND (as measured by 
ELISA tests with both homologous synthetic peptides and 
recombinant gpl20 from HlV-l^^g) only after boosting with 
synthetic V3 loop peptides. These results suggest that it is 
possible to elicit high levels of anti-PND antibodies by immuni- 
zation of chimpanzees with unconjugated, full-length synthetic 
V3 loop peptides. However, the immune responses elicited by 
unconjugated V3 loop peptides or by loop peptides conjugated to 
HIV- 1 carrier proteins nef and gag PI 8 were not uniform. 
Chimpanzee #495 vaccinated with V3 loop peptides linJced to 
the nef^TOitxn responded very pooriy to these peptides. Chim- 
panzee #531 immunized with the gag PI8-peptidc conjugate 
developed reasonable levels of antibodies to the peptides but low 
levels of antibodies recognizing gpl 20. The least successful 



immunizations (chimpanzees #531 and #495) were observed 
wuh V3 loop peptides linked to carrier proteins. On the other 
hand, earner-linked V3 peptides elicited in chimpanzees #493 
and #529 high levels of antibodies recognizing the homologous 
peptides and gpl 20. suggesting that free and carrier-linked V3 
peptides have similar immunogenicities in agreement with 
results obtained by immunization of rabbits. The inferior 
immune responses in chimpanzees #531 and #495 can rather be 
explained by the fact that they were the onlv animals in this study 
not also immunized with gp 160 either in the form of a recombi- 
nant protein or a vaccinia virus expressing 2pI60. 

Preimmunization with gpl60 from HIV^l-IHB followed by 
boosting with a mixture of V3 loop peptides from 21 distinct 
HlV-1 isolates (clones) or simultaneous vaccination with gpl 60 
and peptides apparently resulted in a preferential antibody 
response to V3 loops most closely related to the HIV- 1 subtvpe 
of the immunogen (gpI60) used for primary immunization 
(Figs. 2 and 4). Since PNDs from HIV-l isolates restricted to 
certain geographical areas are relatively conserved and immu- 
nologically cross-reactive.'^ '^ it appears that it would be 
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FIG. 10. Inhibitory effect of chimpanzee antisera on the 
attachment of mouse monoclonal antibodies raised by immuni- 
zation with HIV.i,„3 gpi20 and specific for the V3 loop (MAb 
NEA9284: !25 ng) to gpl 20. Serial dilution of each of the 
chimpanzee sera were assayed for inhibitory activity. Serum 
samples corresponding 10 the time of peak antibody responses 
(RG. 1) were assayed. The same serum specimens were also 
tested for anti-gpI20 and for anticarrier protein antibodies, if 
applicable, in addition to antipeptide antibodies (RG. I). The 
optical density at 450 nm corresponding to MAb NEA9'?84 
attached to gp 120-coated wells in the absence of competing 
chimpanzee antibodies was 0.851. The optical density corre- 
sponding to controls in which normal mouse IgC was used 
instead of the MAb was 0.002. 
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preferable in future studies to use V3 loop peptide immunogcns 
from fewer HIV- ! isolates and to possibly increase their dosages 
above those of the 2 1 distinct peptides used in the present study. 
' Results of comparative studies on antibodies elicited-^ \C3 
loop peptides and by gpI20, respectively (Figs. 5, 6, 10), 
suggest that full-length V3 loop peptides do not mimic com- 
pletely the V3 loops in native gpI20. This may have resulted in 
the observed discordance between titers of antibodies as deter- 
mined by ELISA tests and virus-neuu-aiization assays. These 
findings suggest the need for development of other immunogens 
possibly involving shorter peptides from the V3 hypervariable 
loops. mimicking the PND with higher fidelity. 

Epitope mapping of antibodies present in serum of chimpan- 
zee #499, preimmunized with gpI60 and boosted with V3 loop 
peptides, indicated that hyperimmunization led not only to 
increased generation of antibodies specific for the immumzing 
peptide, but also to production of antibodies directed against 
other segments of the gpI20 sequence not adjacent to the V3 
loop in the primary sequence, but apparently proximate to the 
V3 loop due to folding of the gpl 20 polypeptide (Figs. 7-9). The 
significance of this observation remains to be explained. 

Recent published results demonstrate that repeated immuni- 
zation with gpl 20 from a single HIV- 1 isolate (clone) or with a 
mixture of different gpl 20s results primarily in the generation of 
noncross-reactive anti-gpI20 antibodies. On the other hand, 
sequential immunization with gpl 20s from different HIV- 1 
strains elicited the production of highly cross- reactive antibod- 
ies.^* It seems possible that sequential immunizatipn with 
synthetic peptides encompassing the PND of distinct HIV- 1 
isolates may also be more efficient in eliciting broadly reactive 
virus-neutralizing antibodies' in comparison with vaccination by 
a mixture of distinct V3 loop peptides employed in the present 
study. Additional investigations utilizing small animals, and ' 
later primates, would be needed to further pursue this possibil- 
ity. 
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